Members of phylum Acanthocephala are parasites of vertebrates and arthropods and are distributed worldwide. The phylum has traditionally been divided into three classes, Archiacanthocephala, Palaeacanthocephala, and Eoacanthocephala; a fourth class, Polyacanthocephala, has been recently proposed. However, erection of this new class, based on morphological characters, has been controversial. We sequenced the near complete 18S rRNA gene of Polyacanthorhynchus caballeroi (Polyacanthocephala) and Rhadinorhynchus sp. (Palaeacanthocephala); these sequences were aligned with another 21 sequences of acanthocephalans representing the three widely recognized classes of the phylum and with 16 sequences from outgroup taxa. Phylogenetic relationships inferred by maximum-likelihood and maximum-parsimony analyses showed Archiacanthocephala as the most basal group within the phylum, whereas classes Polyacanthocephala + Eoacanthocephala formed a monophyletic clade, with Palaeacanthocephala as its sister group. These results are consistent with the view of Polyacanthocephala representing an independent class within Acanthocephala. Ó
Introduction
The phylum Acanthocephala consists of endoparasites of arthropods and vertebrates, commonly referred to as thorny-headed worms, included among the most basal tripoblasts (Brusca and Brusca, 1990; Clark, 1979; Hyman, 1951; Marcus, 1958; Wallace et al., 1996; Winnepenninckx et al., 1995) . The phylum has been traditionally divided into three classes, Archiacanthocephala, Palaeacanthocephala, and Eoacanthocephala (Amin, 1985; Bullock, 1969) , although a new class, Polyacanthocephala, with one order, one family, one genus (Polyacanthorhynchus), and four species has been recently proposed (Amin, 1987) . Three of these species, P. macrorhynchus, P. caballeroi, and P. rhopalorhynchus, inhabit the digestive tract of south American caimans. The fourth species, P. kenyensis, is only known in the larval stage, infecting freshwater fish in Kenya (Amin and Dezfuli, 1995) . However, erection of this new class has been controversial because polyacanthocephalans were originally included within family Rhadinorhynchidae, belonging to Palaeacanthocephala.
Recent studies based on sequences of 18S rRNA suggested that the phylum Acanthocephala is a monophyletic group with Archiacanthocephala situated as the most basal class of the phylum and, therefore, Eoacanthocephala + Palaeacanthocephala form a derived clade (Garc ı ıa-Varela et al., 2000; Near et al., 1998) . However, these analyses did not include sequences from Polyacanthocephala species. The initial proposal of Polyacanthocephala as a separate class (Bullock, 1969; Schmidt and Canaris, 1967) was not incorporated into the major taxonomic reviews of Acanthocephala (Amin, 1985; Bullock, 1969) . More recently, characters such as trunk spination, lacunar canal location, number and size of proboscis hooks, female ligament sacs, and male cement gland nuclei have been used to support the Polyacanthocephala as a new class (Amin, 1987) . In this study we sequenced the nearly complete 18S ribosomal RNA gene of P. caballeroi and Rhadinorhynchus sp., which were aligned with 21 sequences of acanthocephalans representing the classes Archiacanthocephala, Palaeacanthocephala, and Eoacanthocephala.
Materials and methods

Specimen collection
Specimens of P. caballeroi were collected from the intestine of a caiman (Caiman yacare) from Bolivia, whereas the specimens of Rhadinorhynchus sp. were collected from the intestines of fish belonging to the family Scianidae. The worms were washed three times in saline and preserved in liquid nitrogen until DNA extraction. The parasites were identified using conventional morphological criteria. The voucher specimens were deposited at the Colecci o on Nacional de Helmintos, Inst. de Biolog ı ıa, UNAM (CNHE No: 4437-4438).
2.2. Characterization of 18S rDNA Gene of P. caballeroi and Rhadinorhynchus sp.
Genomic DNA from P. caballeroi and Rhadinorhynchus sp. were extracted and the near complete 18S rDNAs were amplified by PCR using primers Forward 5 0 -AGATTAAGCCATGCATGCGT-3 0 and Reverse 5 0 -GCAGGTTCACCTACGGAAA-3 0 as described elsewhere (Garc ı ıa- Varela et al., 2000) . PCR products were separated and evaluated by electrophoresis through 1% agarose gels. The band containing the amplified DNA was excised from the gel and PCR products were cleaned using the Wizard PCR purification system (Promega). The amplified products were ligated and cloned using plasmid vector pMOSBlue (Amersham) and Escherichia coli TG1 cells. After purification of the recombinant plasmid with the purification system (Promega), both strands of 18S rDNA gene were sequenced with an Applied Biosystems 310 automatic sequencer using ABI Prism dye terminator sequencing kits using Ml3 universal primers or primers annealing to conserved internal sequences. DNA sequences were inspected individually and assembled with the program DNAMAN (Lynnon Biosoff, 1994 -1997 . The near complete 18S rRNA gene sequences for P. caballeroi and Rhadinorhynchus sp. have been deposited in the GenBank/EMBL data sets with the Accession Nos. AF388660 and AY062433, respectively.
Taxa used and sequence alignment
The sequences obtained from P. caballeroi and Rhadinorhychus sp. were aligned within an expanded database of 18S rRNA genes, consisting of 37 taxa and 2031 aligned nucleotide positions (Garc ı ıa- Varela et al., 2000) , using the programs Clustal W (Thompson et al., 1994) and DNAMAN (Lynnon Biosaf, 1994 -1997 and were then adjusted by eye. The complete alignment is available from the corresponding author upon request.
Phylogenetic analysis
The phylogenetic analysis was carried out with PAUP* 4.0b7a (Swofford, 2000) . To determine which model of sequence evolution best fit our data set, a nested likelihood ratio test was performed using Modeltest program version 3.0 (Posada and Crandall, 1988) . Phylogenetic relationships were inferred using maximum-likelihood (Felsenstein, 1981) . Five random taxon addition heuristic searches with Tree Bisection-Reconnection (TBR) branch swapping were conducted to find an initial maximum-likelihood tree. In these searches, gamma shape parameter, proportion of invariable sites, and nucleotide frequencies were reestimated and the new parameters were used in another series of maximumlikelihood heuristic searches, carried out as above. To compare topologies representing specific phylogenetic hypotheses, constraints were defined, and searches for the maximum-likelihood tree were conducted using the same model and the same heuristic search strategy. Differences between maximum-likelihood values for trees representing alternative hypotheses were evaluated using the test of Kishino and Hasegawa (1989) implemented in PAUP*. The resulting tree was drawn using RETREE and DRAWGRAM from PHYLIP (Felsenstein, 1999) . Parsimony analysis was also performed using a test version of PAUP 4.0b7a (Swofford, 2000) . In all analyses the gaps were treated as missing data and 10 random-addition heuristic searches with TBR branch swapping were conducted to find the smaller tree. To support the inferred tree, bootstrap analyses were carried out with 1000 replications.
Results and discussion
Alignment of the near complete 18S rRNA gene sequences of 23 acanthocephalan species representing classes Archiacanthocephala (with three of four orders: Moniliformida, Gigantorhynchida, and Oligacanthorhynchida), Eoacanthocephala (with one of two or-ders: Neoechinorhynchida), and Palaeacanthocephala (with two of two orders: Echinorhynchida and Polymorphida) plus 16 other outgroup taxa comprised a data set of 39 taxa and 2308 sites. The likelihood ratio test indicated that the best model to our data set was the general time reversible model (Rodr ı ıguez et al., 1990), with invariable sites (+I) and rate heterogeneity (+G; Yang, 1994) . The proportion of invariable sites ¼ 0.096 and the gamma shape parameter ¼ 0.554. The maximum-likelihood analysis using this model yielded a single best tree with a likelihood score of 29512.680, and all branches were of significantly positive length. The topology of this tree was identical to that obtained in a previous analysis, except for the new branches for P. caballeroi and Rhadinorhynchus sp. (Garc ı ıa-Varela et al., 2000) . The phylum Acanthocephala was monophyletic with Archiacanthocephala as the most basal class. Polyacanthocephala appeared to form a sister group with Eoacanthocephala, separated from Palaeacanthocephala (Fig. 1) .
To test the support for this hypothesis, new maximum-likelihood analyses were carried out introducing the alternative topologies [((Rhadinorhynchus sp., Polyacanthocephala) Eoacanthocephala) (Archiacanthocephala)] or [((Leptorhynchoides thecatus, Polyacanthocephala) Eoacanthocephala) (Archiacanthocephala)] as constraints. Rhadinorhynchus sp. and L. thecatus are members of the Rhadinorhynchidae family to which Polyacanthocephala was previously assigned (Golvan, 1962) . In both cases, all searches resulted in the same maximum-likelihood trees (not shown). The -ln likelihood score for the first alternative topology was 29804.552, whereas the score for the second was 29828.225. Based on the results of the Kishino-Hasegawa test, both alternative topologies are significantly less likely than that shown in Fig. 1 . The difference in the -ln likelihood between trees for [((Rhadinorhynchus sp., Polyacanthocephala) Eoacanthocephala) (Archiacanthocephala)] is 291.872 (SD ¼ of 34.624, t ¼ 8:429; P < 0:05). The difference between trees for [((L. thecatus, Polyacanthocephala) Eoacanthocephala) (Archiacanthocephala)] is 315.544 (SD ¼ of 36.009, t ¼ 8:762, P < 0:05Þ. Therefore, the hypothesis [((Eoacanthocephala, Polyacanthocephala) Palaeacanthocephala) (Archiacanthocephala)] is correct. This topology was also supported through a parsimony analysis, which yielded a single tree of 5629 steps long, with a consistency index of 0.441. Bootstrap values (higher than 50%) resulting from this analysis are presented on equivalent branches of the tree in Fig. 1 . Relationships among classes of Acanthocephala were supported by high bootstrap values. Also, the position of Rhadinorhynchus sp. and L. thecatus within Palaeacanthocephala or the position of P. caballeroi as the sister group of Eoacanthocephala were also well supported.
Based on morphological characters, the four species of Polyacanthocephala were formerly included in the subfamily Rhadinorhynchidae, within Palaeacanthocephala (Golvan, 1962; Petrotschenko, 1956 ). However, our results based on sequence data showing Polyacanthocephala as the sister group of Eoacanthocephala are consistent with the concept that Polyacanthocephala represents a different class within the phylum Acanthocephala. Nevertheless, because only one of the two orders of Eoacanthocephala was represented in our study, the possibility that Polyacanthocephala constitutes a new order within Eoacanthocephala cannot be excluded. Additional sequences are required in the analysis to further detail the position of polyacanthocephalans within the phylum.
